Introduction: Hepatitis C virus (HCV) is a major cause of chronic liver disease in Egypt, leading to hepatic fibrosis, liver cirrhosis (LC), and hepatocellular carcinoma (HCC). Liver fibrosis is characterized by excessive deposition of extracellular matrix (ECM). Newly-recognized pathogenic mechanisms point to the epithelialmesenchymal transition (EMT) of hepatocytes to matrix synthesizing (myo-) fibroblasts. Transforming growth factor-beta (TGF-β1), bone morphogenic protein (BMP)-7, and connective tissue growth factor (CTGF) are biomarkers reflecting the EMT process. YKL-40 is a glycoprotein member of ECM and plays a role in cancer cell proliferation. The purpose of this study was to determine the serum biomarkers of EMT and its impact on the fibrogenic process and tumorigenesis in HCV-genotype 4 patients. Methods: In this case-control study that was conducted in 2013-2014, 97 HCV-infected patients were subjected to clinical examination, laboratory investigations, and liver biopsy. According to the histopathologic examination, they were classified to F0 (14 cases), F1 (17 cases), F2 (15 cases), F3 (18 cases), F4 (22 cases), and HCC (11 cases). Fifteen age-and gender-matched subjects were included as normal controls. Serum levels of TGF-β1, BMP-7, CTGF, YKL-40 were assessed, and the TGF-β1/BMP-7 ratios were calculated. The data were analyzed by plotting the receiver operating characteristic curve (ROC), Pearson product-moment correlation coefficient, and Spearman's rank correlation coefficient (Spearman's rho). Results: Serum levels of TGF-β1, BMP-7, CTGF, and YKL-40 were significantly increased in all patient groups compared to controls (p < 0.001). LC exhibited the highest CTGF level and YKL-40 was highest in HCC. The TGF-β1/ BMP-7 ratios reflected the progression of EMT from CHC to LC, however, there was no significant difference between LC and HCC. TGF-β1/ BMP-7 ratio is considered to reflect positive correlation with CTGF in LC group (r = 0.629; p < 0.03) and YKL-40 in HCC group (r = 0.504; p < 0.04). Conclusion: Increased TGF-β1/BMP-7 ratio and CTGF levels reflect the rate of EMT and provide information about fibrogenic activity. Also, this ratio, in association with YKL-40, can be used to predict malignant transformation in HCV-genotype 4 Egyptian patients.
Introduction
Egypt has the highest prevalence of hepatitis C virus (HCV) in the world, estimated nationally at 14.7% (1) with genotype 4 being the most common (2) . HCV infection is a major cause of chronic liver disease, with about 170 million people infected worldwide (3) . Patients who have HCV-related cirrhosis have a 2-6% risk per year of developing HCC (4) . Liver fibrosis is characterized by excessive deposition of extracellular matrix (ECM), which is produced by activated myofibroblasts. Liver fibrosis involves molecular and histological re-arrangement of various types of collagens, proteoglycans, and structural glycoproteins (5) . Increased matrix production is the most direct way by which hepatic fibrosis is generated (6) .YKL-40 ("chondrex", 40 kDa) is one of glycoprotein members of ECM. It also is a growth factor for fibroblasts and endothelial cells and is strongly expressed in human liver tissue (7) , particularly in hepatic stellate cells (HSCs) (8) . YKL-40 is believed to be involved in inflammation and remodeling of the ECM through growth factor activity (9) . The molecular pathogenesis of liver fibrosis contributes to activation of resting vitamin A-storing HSC, accounting for 5-8% of total cells in a normal liver, to matrixproducing myo-fibroblasts (MFs) with enhanced secretion of ECM and matrix deposition (10, 11) . Newlyrecognized pathogenetic mechanisms of liver fibrosis point to epithelial-mesenchymal transition (EMT) of hepatocytes and bile duct epithelial cells to fibroblasts. These complementary mechanisms enlarge the pool of matrix-synthesizing MFs (8) . Among the molecular fibrogenic mediators, transforming growth factor-beta (TGF-β) plays a central role in hepatic fibrogenesis (5) . Also, BMP-7 is essential for the regulation of cell proliferation, differentiation, apoptosis and secretion of ECM components. It is thought to have a further inhibitory effect through counteracting TGF-β induced fibrosis (12) . Similarly, the modulator protein connective tissue growth factor (CTGF/CCN2), which is expressed in hepatocytes, HSC, portal fibroblasts, and cholangiocytes (13, 14) , also changes the functional TGF-β/BMP-7 ratio (15) . This study aimed to analyze the impact of serum biomarkers of EMT on fibrogenic process and progression to tumorogenesis caused by HCV genotype 4. This can provide insight into the intracellular events relevant to complications associated with HCV infection.
Material and Methods

Study Design and Patients
This case-control study involved 97 patients admitted at Hepato-Gastroenterology Department, Theodor Bilharz Research Institute (TBRI), Giza, Egypt for evaluation of their HCV-related chronic liver disease in the period from January 1, 2013, to November 30, 2014. All were HCV genotype 4 positive, with no serologic evidence of coinfection with hepatitis B virus. Patients with chronic viral diseases other than HCV, non-alcoholic steato-hepatitis, autoimmune hepatitis, biliary disorders, and malignancies other than HCC were excluded from the study. All patients gave informed consent prior to inclusion in the study in conformance with the guidelines of the 1975 Declaration of Helsinki as reflected by approval of the institution's human research ethics committee. All procedures were medically indicated for patient management. Clinically and biochemically healthy, roughly age-and gendermatched persons (n = 15) served as control subjects. The patients were subjected to thorough clinical examination and were assessed by laboratory investigations, including ultra-sonography and liver biopsy using an ultrasoundguided Menghini needle.
Histopathology
Assessment of grade of inflammation and stage of fibrosis was carried out in 5-µm thick serial sections of formalinfixed, paraffin-embedded blocks, stained with hematoxylin/eosin and Masson trichrome stains. The stage of hepatic fibrosis was determined according to the Metavir scoring system (16) . Accordingly, the cases were divided into 64 cases of chronic hepatitis C (CHC) without cirrhosis including F0 (14 cases), F1 (17 cases), F2 (15 cases) and F3 (18 cases); 22 cases of CHC with cirrhosis (F4) and 11 cases of HCV-induced well differentiated hepatocellular carcinoma HCC (HCC/HCV) ( Figure 1 ).
Laboratory Investigations
2.3.1. General investigation Liver function tests were conducted using commercially-available kits. Hepatitis B markers were tested using enzyme immunoassay kits (Axiom Diagnostics, Burstadt, Germany). CHC was confirmed by HCV infection persisting for longer than six months (HCV-RNA positive) and increased ALT values. Circulating anti-HCV (genotype 4) antibodies were detected using Axiom enzyme immunoassay kit (Axiom Diagnostics, Burstadt, Germany), and the presence of HCV-RNA in patients' sera was detected by real-time polymerase chain using the Amplicor test (Roche Diagnostic Systems; Meylan, France). Serum alpha-FP was tested using the Eurogenetics enzyme immunoassay kit (Tessenderlo, Belgium). (H&Ex100) 2.3.2. Serum TGF-β1 levels Serum TGF-β1 levels were assayed using a solid phase enzyme-linked immunosorbent assay kit (DRG International, Inc., USA, Cat. No, EIA-1864) based on the sandwich principle, according to the manufacturer's instructions. The reaction was stopped and the absorbance (OD) of each well was determined using a microtiter plate reader (BioRad) set to 450 nm. The concentration of TGF-β1 in the serum samples was determined from the standard curve. All assays were done in duplicate, and the mean concentration was calculated. 2.3.3. Serum BMP-7 levels Serum BMP-7 levels were assayed using a solid-phase, enzyme-linked immunosorbent assay kit Quantikine ELISA kit (Quantikine® ELISA, R&D Systems, Inc., Minneapolis, USA, Cat. No, DBP700) based on the sandwich principle, according to the manufacturer's instructions. 2.3.4. Serum CTGF levels Serum CTGF levels were assayed using a solid phase enzyme-linked immunosorbent assay kit (DRG International, Inc., USA, Cat. No, EIA-5195), based on the sandwich principle, according to the manufacturer's instructions. 2.3.5. Serum YKL40 levels Serum YKL40 levels were assayed using a solid-phase, enzyme-linked immunosorbent ELISA kit (AdipoBiotech., Santa Clara, CA, USA, Cat. No, SK00088-02), based on the sandwich principle, according to the manufacturer's instructions.
Statistical Analysis
Analysis of the data was conducted with Microsoft Excel 2007 and SPSS 22 statistical software (SPSS, Inc., Chicago, IL, USA). The data were expressed as the mean ± SEM. A "p" value of ≤ 0.05 was considered to be statistically significant. The SNK test was used to analyze the difference between two groups. The receiver's operating characteristic curve (ROC) was plotted to assess the diagnostic accuracy of patients with severe liver fibrosis compared to healthy individuals. It was also used to distinguish between patients with severe liver fibrosis and those with mild liver fibrosis. The relationship of the true positivity (sensitivity) and the false positivity (1-specificity) was plotted at various cut-off points of the tests. An ideal test was considered to have an AUC of 1.0, with 0.5 indicating no diagnostic value. The interdependence of variables describing relevance was examined by means of the Pearson correlation coefficient (r) and Spearman's rank correlation coefficient (Spearman's rho).
Results
The biochemical parameters, i.e., AST, ALT, albumin, alkaline phosphatase, PT concentration, and alphafetoprotein (AFP) were within the reference range for control subjects and significantly elevated for patients with CHC, LC, and HCC (Table 1) . Serum levels of TGF-β1 were significantly higher in the diseased groups than in the controls (p < 0.001). The highest serum level was detected in cirrhotic patients, and it was statistically significant Page 1629 compared to CHC (p < 0.001). The TGF-β1concentration in the HCC group was significantly lower than that of the cirrhotic patients (p < 0.01) ( Table 2) . Serum BMP-7 of all patients was higher than that of controls (p < 0.001). The highest level was detected in LC patients compared to CHC cases (p < 0.001). BMP-7 level in HCC patients was significantly lower than that of CHC and LC cases (p < 0.01) ( Table 2 ). The TGF-β1/BMP-7 ratio indicated that all patients had higher ratios than the control subjects. CHC patients had lower ratios, while LC and HCC patients had significantly higher ratios (p < 0.001 for both) compared to CHC (Table 2) . Serum CTGF levels were significantly higher in all patients than in controls (p < 0.001). The highest CTGF concentration was detected in the serum of cirrhotic patients, which was statistically significant compared to CHC patients (p < 0.001) ( Table 2) . Regarding YKL-40, the serum levels in all patients were higher than in the controls (p < 0.001). The mean concentration of serum YKL-40 in cirrhotic patients was significantly higher than those with CHC (p < 0.001). HCC cases showed significant increase compared to CHC and LC patients (p < 0.001and p < 0.05, respectively) ( Table 2) . TGF-β1and BMP-7 serum levels increased gradually with increased stage of fibrosis. TGF-β1 and BMP-7 concentrations were significantly higher in stage F4 fibrosis (LC cases) compared to F0 and F1 (p < 0.001 and p < 0.01, respectively) ( Table 3) . TGF-β1/BMP-7 ratio increased gradually with the increasing stage of fibrosis. The greatest value was found in stage F4 compared to F0, F1, F2, and F3 (p < 0.05) ( Table 3) . Cirrhotic patients (F4) had the highest serum level of CTGF compared to F0 and F2 (p < 0.001). F2, F3, and F4 stages showed significant increase in serum concentration of YKL-40 compared to F0 and F1 (p < 0.001) ( Table 3 ). Correlation analysis of the EMT markers with each other in all patient groups revealed high significant positive correlations between TGF-β1
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and BMP-7 (r = 0.860, p = 0.000), CTGF and TGF-β1/BMP-7 ratio (r = 0.231, p ˂ 0.04) and also between YKL-40 and TGF-β1/BMP-7 ratio (r = 0.286, p ˂ 0.04) (Figures 2a, 2b, and 4c ). Correlation analysis in LC group revealed positive correlation between TGF-β1/ BMP-7 ratio and serum levels of CTGF (r = 0.629; p < 0.03). In the HCC group, a positive correlation was detected between TGF-β1/ BMP-7 ratio and serum levels of YKL-40 (r = 0.504; p < 0.04). To evaluate the usefulness of the studied serum biomarkers for predicting liver fibrosis and cirrhosis at stage F3 and F4 according to METAVIR scoring system, the area under the ROC curve was analyzed. The area under the curve (AUC) of TGF-β1 for identifying significant fibrosis (F3 and F4) was 0.716 (p ˂ 0.045), with a sensitivity 83.33% and specificity 75.0% at a cut off of 5.2. The PPV and NPV were 90.9 and 60.0, respectively. The AUC of BMP-7 was 0.733 (p ˂ 0.032). The sensitivity was 84.6%, and the specificity was 66.67% at a cut off 3.4. PPV and NPV were 91.6 and 50.0, respectively (Figure 3 ). YKL-40 had an AUC of 0.896 (p ˂ 0.000) in diagnosing patients with HCC, with a sensitivity of 86.44% and a specificity 71.43 % at a cut off of 2.06. The PPV and NPV were 89.47 and 65.22, respectively (Figure 4) . 
Discussion
Potentially powerful non-invasive (blood) biomarkers of hepatic fibrogenesis and fibrosis have been identified as our understanding of the pathogenesis of hepatic fibrosis has increased (8) . Even though liver biopsy is an invasive technique that is subject to sampling error and significant intra-and inter-observer variability, it has been considered as the gold standard for determining the stages of liver fibrosis (17) . When specific cells are lost in the course of a Page 1632 disease and are replaced by fibrotic tissue, type 2 EMT occurs in the parenchymal organs (liver, lungs, and kidneys) (18) . The process by which cells gradually lose their typical epithelial characteristics and acquire mesenchymal traits is described by the epithelial-mesenchymal transition (16, 19) . The epithelial-mesenchymal transition is governed by the balance of TGF-β (pro-EMT) and its antagonist bone morphogenic protein-7 (BMP-7), i.e., anti-EMT (8) . Both TGF-β and BMP-7 share similar downstream Smad signalling pathways, but counter-regulate each other to maintain the balance of their biological activities (20) . Bi et al. (21) stimulated primary rat liver epithelial cells with different ratios of TGF-β1/BMP-7 and looked for any evidence of transition to a mesenchymal phenotype. This study showed that the contribution of the ratio of TGF-β1/BMP-7 induced to EMT to the chronic liver diseases would provide a new basis for understanding pathogenesis and potential treatment. TGF-β1 is a cytokine associated with hepatic fibrosis and is a homodimeric polypeptide that is secreted in an inactive form that requires activation. It is the most important stimulus for the production of ECM by HSCs (22) . Additionally, TGF-β1 can induce apoptosis in hepatocytes, hence, cirrhosis may be related to high levels of this cytokine in CHC patients (23) .
In this study, the serum level of TGF-β1 was found to be significantly higher in CHC, LC, and HCC patients than in the normal controls (p < 0.001). Furthermore, the serum cytokine level increased gradually with increased stage of fibrosis to reach its highest level in liver cirrhosis (p < 0.001). These findings are supported by Neuman et al. (24) and Iagoda et al. (25) , who stated that TGF-β1 level reflected the histologic stage, and activation of latent TGFβ1was reported to be the starting point of fibrogenesis. Luo et al. (26) reported a significant elevation of TGF-β1 in liver cirrhosis, yet its correlation with the grade of activity was moderate. Some Egyptian studies (22, 27) conducted on chronic liver disease (CLD) due to HCV and other etiologic factors reported that TGF-β1 was significantly increased in these patients compared to controls, with a high significant positive correlation between TGF-β1 level and stage of liver fibrosis (28) . An increasing number of reports have indicated that BMP-7 may be a new antagonist of fibrosis because of its counteractive effect on the TGF-β1/Smad signaling pathway (29) ; however, only a few human studies have compared increased serum BMP-7 levels with the severity of hepatic fibrosis (30) . Experimental studies have shown that a high serum BMP-7 level is an excellent indicator of the presence of fibrosis (31, 6) . Recently, it became clear that some of the anti-fibrotic effects are mediated by the inhibition of pro-fibrogenic TGF-β1 (32), thus stopping ECM synthesis and the hepatocyte proliferation induced by TGF-β (33, 34) . In addition to its anti-EMT effect (14), BMP-7 was shown to have anti-apoptotic and anti-inflammatory activities. Thus, the measurement of BMP-7, alone or even in relation to TGF-β in serum, which might reflect the velocity of fibrotic transition (35) . In this study BMP-7, serum levels were elevated in patients with chronic liver disease, and they were significantly higher in patients with liver cirrhosis compared to CHC and HCC cases (p < 0.001). Surprisingly, these results demonstrated elevations in BMP-7 levels with progression of fibrosis. This seems paradoxical considering the physiological role of BMP in the fibrosis process, which may be attributed to the compensatory increase of BMP-7 to counteract increased levels of TGF-β1 and other profibrotic cytokines in patients with progressive liver disease. This is in agreement with Tacke et al. (35) , who found elevated serum BMP-7 in patients with cirrhosis as compared to non-cirrhotic patients. Moreover, BMP-7 increased with the stage of fibrosis in accordance with Cao et al. (36) and Akdoğan et al. (37) . Our results were in agreement with Gressner and Gao (38) , who hypothesized that determination of the TGF-β1/BMP-7 ratio in serum or plasma might reflect the process of EMT and, thus, at least partially, the rate of progression of fibrosis. The proteomic features of EMT include loss of epithelial markers, such as E-cadherin (E-cad), Zo-1, and cytokeratins, and the acquisition of fibroblast markers, including FSP-1,VM, matrix metalloproteinase (MMP)-2 and MMP-9, α-smooth muscle actin (α-SMA), collagens, and TGF-β1 (21) . The results of this study indicated that the TGF-β1/BMP-7 ratio was increased in liver fibrosis and HCC compared to normal controls. These results suggested that the TGF-β1/BMP-7 ratio could be used to predict the intensity of hepatic fibrosis. This confirmed the results of other research in which it was proposed that the TGF-β1/BMP-7 ratio could be used as a marker of disease severity in renal end points in patients with type 2 diabetes mellitus and lung fibrosis, respectively (39, 40) . CTGF has been implicated in the pathogenesis of hepatic fibrosis and is currently suggested to be an important downstream amplifier of the effects of the pro-fibrogenic master cytokine TGF-β1 (41) by modulation of the receptor binding of these ligands (42) . Studies on circulating CTGF levels in assessment of hepatic fibrosis have just begun to gain momentum, and it was found that CTGF was over-expressed in fibrotic livers due to its production by multiple cell types, including HSC, hepa¬tocytes, portal fibroblasts, and cholangiocytes (43) . After its expression, CTGF is secreted into the extracellular space and reaches the systemic circulation. Thus, serum CTGF could increase in patients with liver fibrosis (44) . The spill-over of CTGF from the liver into the bloodstream indicates that this protein as an innovative, non-invasive, class I biomarker of fibrogenesis and indicates TGF-β bioactivity in this organ (38) . Indeed, CTGF-levels in sera correlated significantly with fibrogenic activity (6) . The pathogenesis of hepatic fibrosis has been associated with connective tissue growth factor, and this factor currently is suggested to be an important downstream amplifier of the effects of TGF-β1 (41) . Its molecular mechanism of action is still not known, but it seems that this cytokine changes the functional TGF-β1/BMP-7 ratio (15). It activates TGF-β signaling by modulation of the receptor binding of these ligands while inhibiting BMP (42) . Recent investigations of patients with chronic hepatitis and cirrhosis have shown significantly elevated serum levels of CTGF, which could be well correlated with the progression of hepatic fibrosis (43, 44) . In this study, the data clearly showed significant elevations of CTGF in the serum of patients with CHC, LC, and HCC compared to healthy individuals (p < 0.001). CTGF concentration in LC was significantly higher than CHC (p < 0.01) but slightly decreased in HCC. These results also were in agreement with Weng et al. (46) (48) . CTGF acts as a mediator of fibre-fibre, fibre-matrix and matrix-matrix interactions and as an enhancer of profibrogenic TGF-β1 with its several secondary effects. The increase of CTGF in the sera of HCC patients may be attributed to angiogenic, hypoxia-inducible, autocrine and paracrine factors that recruit myofibroblastic-like cells. Moreover, HSC/MFs, in addition to their established profibrogenic role, also may contribute to neo-angiogenesis during chronic hepatic wound healing (49) . CTGF induces the expression of a variety of cytokines, such as TGF-β (50) and VEGF (51) , and may be up-regulated in HSC through endogenous TGF-β1 (52) . YKL-40, also known as human cartilage glycoprotein (39) , is a secreted glycoprotein that belongs to a group of mammalian chitinase-like proteins, but it lacks chitinase activity (9). It is a growth factor for fibroblasts and endothelial cells and is expressed in areas of active hepatic fibrogenesis (53) . It is derived from smooth muscle cells and also controls vessel stability and permeability via inducing association of Nand VE-cad with β-catenin (β-cate) expressed by smooth muscle cells and endothelial cells, respectively. In HCVinfected patients, the YKL-40 serum level is associated with the severity of HCV-induced fibrosis (54) and may be a useful non-invasive serum marker to estimate the degree of fibrosis (55, 56) . Several studies (57-60) have indicated a role for YKL-40 in cancer cell proliferation and invasiveness. In the current work, serum YKL40 was higher in all studied patients compared to healthy controls. Its level in cirrhotic patients was significantly higher compared to CHC cases (p < 0.01). These results are in agreement with other studies (9, 53, 54, 61) . Rath et al. (62) suggested that YKL-40 was a powerful fibrosis marker with high diagnostic accuracy, particularly in HCV-associated liver disease. Moreover, our results revealed that the greatest significant increase was detected in HCC patients, which was consistent with Zhu et al. (63) . Pelloski et al. (64) suggested that serum levels of YKL-40 serve as a diagnostic and prognostic cancer biomarker. YKL-40 is expressed by both tumor cells and their surrounding tumor infiltrating macrophages that produce various tumor-promoting factors, including vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), basic fibroblastic growth factor (bFGF), and platelet-derived growth factor (PDGF) (65) . Current results have reported that YKL-40 in HCC patients was significantly higher than in cirrhotic patients (p < 0.05). On the contrary, Xiao et al. (9) did not detect a significant difference between these two groups.
Conclusions
It was concluded that the increase of TGF-β1/BMP-7 ratio may reflect the rate of EMT in HCV hepatic patientsgenotype 4. The simultaneous determination of TGF-β/BMP-7 ratio and of CTGF in serum might provide information on fibrogenic activity, while this ratio in association with YKL-40 can be used for prediction of the malignant transformation.
